The purpose of this test facility is to conduct bench scale Fischer-Tropsch (F-T) catalyst screening experiments while focusing on reducing energy inputs, reducing CO2 emissions and increasing product yields within the F -T process. Fischer-Tropsch synthesis is considered a gas to liquid process which reacts syn-gas (a gaseous mixture of hydrogen and carbon monoxide), over the surface of a catalyst material which is then converted into liquids of various hydrocarbon chain length and product distributions 1. These hydrocarbons can then be further processed into higher quality liquid fuels such as gasoline and diesel.
II. INTRODUCTION
Alternative fuels research plays an important role in emissions reduction in the effort to decrease the country's energy dependencies.
2 ,s Rising crude oil prices, energy independence, fluctuating global climate changes, and improving combustion performance while meeting advanced emission requirements are all of major concern in the area of commercial aviation. Reducing capital costs associated with synthetic jet-fuel production from non-conventional sources is also of concern. NASA Glenn's Alternative Fuel research effort is primarily focusing on improving combustion performance and reducing CO2 emissions in advanced jet engine designs that could use alternative type fuels including
Fischer-Tropsch (F -T) fuels. The Fischer-Tropsch process provides the ability to convert the nation's natural energy resources such as coal, natural gas, and biomass into a cleaner and more economical alternative to traditional commercial jet fuel l .
In the 1920's the F-T process was first developed by
Franz Fischer and Hans Tropsch at the Kaiser Wilhelm
Institute for Coal Research in Germany prior to World War II.
This process was initially developed to help Germany's need for fuel while in the middle of a petroleum shortage. The initial process for producing F -T fuels was focused on converting coal into synthetic fuel, since Germany had an abundant coal supply 3.
F-T fuel composition differs from petroleum-based, conventional commercial jet fuel because of differences in feedstock and production methodology l . F-T jet fuel is expected to be more stable than conventional jet fuel at elevated temperatures, thus offering a potentially cleaner burning fuel with superior thermal stability characteristics. A key property that limits the use of conventional fuels in modem military aircraft applications is thermal stability.
Thermal instability of aviation fuel can result in several effects that are detrimental to the operation of the aircraft. The most frequently cited effects are reduced efficiency of fuel-oil heat exchangers, fouling of fuel control units, and fuel injector blockage 4.
F -T jet fuel is comparable to Jet-A fuel but has been
shown to have superior properties in engine testing.
Combustion research performed with F-T fuels has proven to significantly reduce particulate emissions without effecting engine performance. F -T fuel also has excellent thermal stability at elevated temperatures, and also has superior low temperature properties. Since F -T fuels contain little to no aromatics or sulfur contaminants, they are typically considered of higher quality, and have shown to bum cleaner than petroleum-based fuels. This in tum results in lower emission concentrations of CO2, unburned hydrocarbons, and harmful particulates being released into the atmosphere 3 .
The Fischer-Tropsch process has three distinct steps:
gasification, synthesis, and product upgrade. The gasification step can produce syngas from various hydrocarbon resources.
Synthesis involves the conversion of syngas to syn-crude oil and the product upgrade processes the syn-crude and separates it into useable liquid fuels. Figure I shows the overall F-T process. NASA Glenn is primarily focusing on the "F-T Synthesis" step of the overall F-T process by optimizing novel catalysts to increase reactor yields, reduce energy inputs, and to reduce C02 emissions.
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Ill. FACILITY RESEARCH SYSTEMS
The alternative fuels research hardware consists of three A hollow agitator shaft located inside of a reactor is used to allow the vapor phase product to be re-circulated from top to bottom in the reactor. There are two sets of agitator blades on the shaft. The first set of pitched impellers is equally level with the gas/liquid product interface to force downward gas action and to reduce foaming. The second set of impellers consists of six vertical turbine blades located at the bottom of the shaft. A gas feed mixture consisting of CO, H2, and N2 is fed into the reactor below the turbine blades to maximize contact and to break up gas feeds into small diameter bubbles.
An internal baffle is installed in the reactor to improve contact efficiency and to avoid swirl 3.
Liquid product draw-off is taken from the top of the 
IV. GAS ANALYSIS SYSTEMS
The Gas Analysis equipment is located inside of a miniature laboratory located inside of the test facility. Gas analysis equipment consists of an Agilent 3000A Micro Gas Chromatograph (Micro GC) and two Agilent 6890 Gas The reactor is fabricated from a 1" 00, seamless 316
Stainless Steel tube with a wall thickness of 0.083" and is 12" 
.. 
VI. CATALYTIC COMBUSTOR
A catalytic combustor system is installed on the exit side of the reactors to oxidize refinery gases generated during the Fischer-Tropsch reaction prior to venting into the atmosphere.
The combustor system is an in-house GRC design which has been successfully utilized in other facilities at NASA Glenn.
This combustor takes electrically preheated air from the 125 psig facility shop air system and mixes it with the refinery gases prior to the introduction into the catalytic combustor.
The combustor operating temperature is controlled nominally between 750 -850°C by varying the air feed flow that is sent to the combustor. The percent excess air used in the oxidation process ranges from 480 -540% (above stoichiometric). The combustor exhaust gases are air quenched down to 150-260"C prior to release into the atmosphere through the facility vent stack. The combustor operates below 15 psig and is less than 6" in diameter. This gas clean-up system effectively eliminates CO, CH4 , and residual light hydrocarbon emissions for a more environmentally friendly discharge into the atmosphere. Figure   9 shows the catalytic combustor. 3 Current research is being performed on catalysts provided by the University of Toledo along with in-house catalyst formulations. NASA Glenn has its own catalysis laboratory in which newly formulated catalysts can be created and analyzed.
NASA Glenn also has collaborative efforts in place with the University of Kentucky and the University of Toledo for producing new and improved novel catalysts to be tested in the alternative fuels laboratory.
VIII. HOT LIQUID PROCESS SIMULATOR
One method to quantity the fuel's thermal stability is to measure the fuel's "Breakpoint" in accordance with the ASTM 0324 1 specification test known as Jet Fuel Thermal Oxidation Test (JFTOT). JFTOT assesses fuel thermal degradation by two means: one by the heated tube's discoloration due to hydrocarbon coating, and the other by determining a pressure drop (OP) due to particulate formation. 
IX. FUEL FOULING RESEARCH
Due to the uncertainty of the current thermal stability results for alternative type fuels, fuel fouling research will be performed with a Horiba "Auto SE Ellipsometer". Fischer-Tropsch synthesis converts syngas derived into synthetic crude from non-petroleum sources such as coal, natural gas, and renewable biomass. By using the F -T reactors to develop novel catalysts coupled with the development of the innovative F-T process, new pathways can be identified to produce large quantities of consumable fuel along with reduced fuel production costs.
F-T reactors
Future research plans include the testing of novel catalysts with unique types of supports and promoters. Catalyst developments will be performed at NASA Glenn along with universities and external businesses specializing in catalyst development.
Thermal Stability tests will also continue for various types of fuels to determine the breakpoint of each fuel prior to testing a new fuel in a combustion test facility. Fuel fouling research will also be performed to determine JFTOT validity for alternative type fuels.
